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tant aspect of this transition is the increased use of biomass to generate renewable energy. Agricultural 
residues are produced in huge amounts worldwide, and most of this residue is composed of biomass 


Keywords: that can be used for energy generation. Consequently, converting this residue into energy can increase 
need] ESY the value of waste materials and reduce the environmental impact of waste disposal. This paper analy- 
Olivetreë ses the situation of biomass energy resources in Andalusia, an autonomous community in the south of 
Spain Spain. More specifically, biomass is the renewable source which most contributes to Andalusian energy 
Andalusia infrastructure. The residual biomass produced in the olive sector is the result of the large quantity of 
olive groves and olive oil manufacturers that generate byproducts with a potentially high energy con- 
tent. The generation of agricultural and industrial residues from the olive sector produced in Andalusia 
is an important source of different types of residual biomass that are suitable for thermal and electric 
energy since they reduce the negative environmental effects of emissions from fossil fuels, such as the 
production of carbon dioxide. 
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1. Introduction 


Energy is essential to economic and social development and a 

high quality of life. In consequence, energy consumption in devel- 

E e o ee oped countries grows at a rate of approximately 1% per year, and 
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its present level and if the overall energy demand was to increase 
substantially [2]. However, oil and natural gas reserves can only 
cover consumption at this rate for the next 40 years in the case of 
oil, and for the next 60 years in the case of natural gas. 

From a purely environmental perspective, the emissions cur- 
rently generated by the use of fossil fuels are the source of serious 
environmental problems, such as acid rain, the greenhouse effect, 
and holes in the ozone layer, which in many cases are irreversible 
[1,3,4]. Solutions to control atmospheric emissions of greenhouse 
gases as well as other gases and substances require potential long- 
term actions for sustainable development. Such actions should be 
geared to enhancing energy production, transmission, distribution, 
and consumption [2]. In this regard, renewable energy resources 
appear to be one of the most efficient and effective solutions 
because they are both renewable and sustainable [3]. Even more 
important, renewable energy produces scarcely any waste prod- 
ucts such as carbon dioxide or other chemical pollutants. It thus 
has a minimal impact on the environment [5]. 

The Kyoto Protocol to the United Nations Framework Conven- 
tion on Climate Change, which was adopted in December 1997, was 
a crucial turning point in the international effort to promote the use 
of renewable energy worldwide. After the original Framework Con- 
vention was signed at the Earth Summit in Rio de Janeiro in 1992, 
growing evidence of climate change has spurred many countries 
to increase their support of renewable energy. Even more ambi- 
tious efforts to promote renewables can be expected as a result 
of the Kyoto pact, which includes legally binding emissions limits 
for industrial countries, and for the first time, specifically identifies 
the promotion of renewable energy as a key strategy for reducing 
greenhouse gas emissions [6]. 

For 2010, the European Union set ambitious targets for the share 
of renewable energies in total energy and electricity consumption 
and for biofuels. The specific energy targets in the European Union 
for 2010 (EU-25) were to increase the share of renewable energies 
from 6% to 12% of the gross energy consumption, of green electricity 
from 14% to 21% of the gross electricity production and of liquid bio- 
fuels to 5.75% of the total fuel consumption [7]. Amongst renewable 
energy sources, the largest contribution (63%) comes from biomass. 
Today, energy from biomass already provides approximately 4% of 
the total EU energy supply. This energy is predominantly used for 
heat, and to a lesser extent, for combined heat and power (CHP) 
applications. By 2010, it was expected that biomass would provide 
as much as 8% of the total EU energy supply. The European Commis- 
sion estimates that reaching the target of a 12% share of renewable 
energy in total energy consumption in Europe will require around 
130 Mtoe of biomass [8]. 

In this regard, Spain has taken up the challenge in this effort to 
establish a new energy model, and is working to develop legal, reg- 
ulatory, and budgetary tools to promote the transformation process 
that is crucial to the fulfilment of energy objectives. Amongst these 
were the Plan de Energias Renovables (PER) (2005-2010), that has 
now been followed by the Plan de Acción Nacional de Energías Ren- 
ovables (PANER) (2010-2020). Both of these plans have replaced 
the Plan de Fomento de las Energías Renovables (2000-2010), which 
did not produce satisfactory results. The PER was enacted so that 
renewable resources would cover at least 12% of the total energy 
consumption (16.6 Mtoe) by the year 2010. In addition, new goals 
were incorporated, and adopted after the previous plan [9]. Fur- 
thermore, the implementation of this plan expands the scope of the 
energy policy. More specifically, it aspires to a new energy model 
that promotes structural changes in the system and the consolida- 
tion of an energy culture imbued with a collective awareness that 
energy is a scarce and valuable resource. 

The structural reorientation of the Spanish energy system evi- 
dently requires a repositioning in regards to the best possible use 
of the country’s energy resources and the overall definition of a 
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Fig. 1. Geographical location of Andalusia. 


model for energy production and use. Such a model should be fully 
adapted to the climatic, cultural, and economic conditions of the 
different regions, where energy policies are generally implemented 
through regional development plans, such as the Plan Energético de 
Andalucía 2003-2006 (PLEAN) in Andalusia, which was followed by 
the Plan Andaluz de Sostenibilidad Energética (PASENER) 2007-2013. 

In this regard, the PASENER is a new energy plan based on 
the commitments in the Kyoto Protocol. It incorporates changes 
in energy policies and envisages a new energy model that con- 
solidates an energy culture that considers energy as a scarce and 
valuable resource. Its strategic objectives are the following: (i) 
to give priority to renewable energy sources in order to increase 
energy self-sufficiency in Andalusia; (ii) to protect the environ- 
ment; (iii) to create an energy model adapted to the conditions 
of the region. 

Evidently, Andalusia is in a privileged position because of its 
capacity for wind power production, as well as its abundant solar 
catchment. However, biomass is the renewable source which most 
contributes to Andalusian energy infrastructure [10] because of the 
availability of residual biomass. This is hardly surprising since farm- 
ing is the main economic activity in Andalusia. In fact, there are 
4.7 million agricultural hectares (57% of the territory). Of these 
hectares, 1.4 million are olive groves, which are the main source 
of residual biomass in the Autonomous Community [11,12]. This 
study analyzes the potential of olive grove residual biomass for 
the production of electrical and thermal renewable energy from 
biomass in Andalusia (Spain). 


2. Energy situation in Andalusia 
2.1. Geographic location and agricultural activity 


Spain is located in southwestern Europe and comprises about 
84% of the Iberian Peninsula (Fig. 1). Its total area is 504,782 km? of 
which 499,542 km? is land and 5240 km? is water. It is divided into 
17 autonomous communities and 52 provinces. 

The Autonomous Community of Andalusia is located in the south 
of Spain, between latitudes 37° and 42°N, with a surface area of 
87,268 km?, approximately 17.68% of the territory in Spain. The 
region is divided into eight provinces: Huelva, Seville, Cordoba, 
Jaen, Almeria, Granada, Malaga and Cadiz. It is the most densely 
populated autonomous community in the country (8,285,692 
inhabitants in 2009), which amounts to 18% of the national pop- 
ulation. 

Of the various economic sectors, the primary sector (agricul- 
tural activities, hunting, silviculture and fishing) is more important 
in Andalusia than in the rest of Spain, and in 2003 represented 
6% of the gross added value of Andalusian economy. This result 
is an excellent indicator of the importance of this sector in Andalu- 
sia, which generates a high percentage of employment (27% of all 
agricultural jobs in Spain) [12]. 
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Table 1 

Energy balance of Andalusia in 2008 [10]. 
Unit: ktoe Coal and derivative Crude oil and Natural gas Renewable Electric Derivative Total 

products derivative products energies energy energies 
(heat)? 

Production 23.4 0.0 15.4 1668.3 0.0 0.0 1957.1 
Recoveries 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Exchange balance (imp-exp) 1823.0 10,135.8 6438.8 —58.2 286.1 0.0 18,625.5 
Stock variation (initial-final) —355.9 45.6 70.7 0.0 0.0 0.0 —239.6 
Bunkers (maritime transport) 0.0 199.2 0.0 0.0 0.0 0.0 199.2 
Gross internal consumption 1740.5 10,380.6 6524.9 1610.0 286.1 0.0 20,542.2 
Available for final consumption 31.6 8871.3 2391.6 750.6 3134.9 33.9 15,213.9 
Non-energetic final consumption 0.0 1312.7 276.7 0.0 0.0 0.0 1589.4 
Energetic final consumption 31.6 7558.6 2115.1 750.6 3134.9 33.9 13,624.7 
4 The column called “Derivative energies (heat)” shows the production of heat for sale. 

Table 2 

Energetic consumption distribution by sectors in Andalusia [10]. 
Unit: ktoe Coal and derivative Crude oil and Natural gas Renewable energies Electric Derivative Total 

products derivative products energy energies (heat)* 

Industry 31.6 682.4 1786.1 466.5 789.6 33.9 3790.1 
Transport 0.0 5405.3 6.3 98.0 33.0 0.0 5542.6 
Primary (agriculture and fishing) 0.0 896.7 88.2 75 126.1 0.0 1118.6 
Service sector 0.0 339 122.5 56.3 1065.6 0.0 1278.3 
Residential 0.0 540.3 112.0 122.3 1120.6 0.0 1895.2 
Energetic final consumption 31.6 7558.6 2115.1 750.6 3134.9 33.9 13,624.7 


*Quantity of produced heat used for sale. 


2.2. Energy balance 


Andalusia estimates its primary energy consumption at 
20.5 Mtoe, based on the use of fossil fuels imported as crude oil 
(50.5%), natural gas (31.7%) and coal (8.5%). Fossil fuels are not pro- 
duced in Andalusia because there is no crude oil. Since there are 
only five deposits of natural gas and four deposits of coal in the 
region [13], its self-sufficient energy supply is estimated at 9.1%. 

Conversely, in this same region, 1668.3 ktoe of energy comes 
from renewable sources. Of this energy, 58.2 ktoe are exported. 
The gross internal consumption of renewable energies is thus 
1610 ktoe, with 750.6 ktoe available for final energy consumption. 
This is 5.5% of the 13.6 Mtoe final energy consumption in the region 
(Table 1), which is mainly used by the industrial and domestic sec- 
tors (Table 2). 

Of the various renewable energies, biomass is the source which 
most contributes to Andalusian energy infrastructure. It comes to 
6.3% of the total primary energy consumption and 78.7% of the 
renewable energy consumption (Fig. 2). The progressive increase 
in renewable energy sources is mainly due to the use of biomass 
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for energy. The rain calendar as well as the agricultural crops and 
harvests have a bearing on this contribution. In Andalusia, one of 
the most important crops is olives [14]. In 2008, the contribution 
of primary energy from biomass was 40.5% (365.1 ktoe), which was 
higher than in 2007 (Fig. 2). 


2.3. Renewable energy infrastructure and its policy in Andalusia 


Andalusia, while deficient in fossil energy resources, is very rich 
in renewable resources [13]. It is privileged in this respect because 
of its capacity for wind power production, and abundant solar 
catchment. It also has a large quantity of available residual biomass 
stemming from its great potential for producing energy-yielding 
crops. For these reasons, conversion to the industry of renewable 
energy, and more concretely, that of the generation of biomass 
from agricultural residues, is an opportunity that demands inno- 
vation as well as positive action geared towards the generation of 
knowledge. 

Table 3 shows the installed power capacity for each renew- 
able technology in Andalusia. It also specifies the attainment level 


TOTAL 2008: 1610 ktoe 
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Fig. 2. Evolution of total renewable primary energy consumption in 2008 in Andalusia [10]. 
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Table 3 
PLEAN and PASENER objectives [13,14]. 
2006 PLEAN Degree of compliance PASENER PASENER PASENER 
objectives 2006 2006 (%) objectives 2007 objectives 2010 objectives 2013 

Hydraulic (special regime) MW 129.8 107.2 121.1 129.8 137.8 148.0 
Hydraulic (ordinary regime) MW 464.2 - - 464.2 476 476 
Wind MW 607.9 2700 22.5 1284 4000 4800 
Solar photovoltaic (insulated) MWp 5.8 6.1 95.1 36.2 55.4 100 
Solar photovoltaic (connected) MWp 15.4 4.4 348.7 
Solar thermal m? 347,182 411.5 84.4 407,000 765,228 1,341,554 
Solar thermoelectric MW 11 100 11 60 250 575 
Biomass thermal ktoe 367.5 643 57.2 583.5 615.6 649.0 
Biomass electric MW 164.6 164 100.4 169.9 209.9 256.0 
Biofuels consumption ktoe 36.1 90 40.1 263.7 2000 2300 


of the objectives established in the Plan Andaluz de Sostenibilidad 
Energética (PASENER) 2007-2013. The goal is for renewable ener- 
gies to cover 12% of Andalusian energy consumption in 2010 and 
25.4% of this consumption in 2013. In the case of biomass, it is 
necessary to distinguish between biomass for the generation of 
electricity and biomass for thermal use. Since the enactment of the 
Plan Energético de Andalucía (PLEAN) 2003-2006, the required lev- 
els for thermal biomass have not as yet been attained, though in the 
case of electricity biomass, the goal has been reached (Table 3). The 
reason for this was the transfer of the little fuel available in 2006 to 
electricity generation plants and the exportation of biomass dur- 
ing this same period to European countries [13]. When the Plan 
Energético de Andalucía (PLEAN) 2003-2006 was in force, biomass 
was exported to other European Union countries, mainly because of 
a compensation system in Spain, which could not compete with the 
prices of this biofuel in other countries. This situation was remedied 
with the passing of Royal Decree RD 661/2007, which was an impor- 
tant advance since it subsidized installations that used biomass to 
generate electricity [14]. 

At the end of 2009, the total power capacity available in 
installations in the Autonomous Community of Andalusia came to 
14051 MW. Renewable sources provided 4419 MW (equivalent to 
877.2 ktoe/year, which is the energy consumption of over two mil- 
lion homes). It is significant that 62% of this amount was produced 
with biomass [15]. 


3. Biomass potential in Andalusia 


Biomass is the renewable energy that most contributes to the 
energy system in Andalusia (Fig. 2). This region has a cultivated 
land surface of 8,759,531.18 ha. Approximately 40% of this land is 
forest and 60% is farmland, of which certain crops cover a total 
surface of 1,937,107.76 ha [16]. 


3.1. Biomass potential 


The biomass potential in Andalusia is about 3327 ktoe/year [13]. 
Of this annual amount of biomass, 1434 ktoe is obtained from agri- 
cultural residues, of which approximately 50% is olive tree residues 
(803 ktoe/year) whereas the other half is mainly obtained from 
sunflowers, cotton and fruit trees (Table 4). This was the capac- 
ity necessary to generate 5% of the primary energy consumption of 
Andalusia in 2007 [17,18]. On the other hand, since olive oil indus- 
tries generate 77.25% of the industrial residual biomass (Table 4), 
the olive sector can be regarded as the greatest producer of residual 
biomass in Andalusia. 

The energy exploitation of biomass allows the sustainable 
replacement of fossil fuels, increases self-sufficiency and energy 
diversification, and contributes to the development of rural areas. 
Furthermore, biomass is a renewable energy that can be used as an 
energy source for electricity, heating, and vehicle transport [17], 


and reduces 890 g CO2/kWh if it is used instead of oil. Biomass is a 
fuel of biological origin, such as woody biomass. If properly culti- 
vated and managed, biomass does not contribute to climate change 
through emissions of CO, to the atmosphere because it absorbs the 
same amount of carbon in growing as it releases when consumed as 
fuel. In the future, CO) emissions from power and heat generation 
will have to be greatly reduced to meet environmental constraints 
and commitments [19]. 

The final use of biomass depends mainly on the characteristics 
of the raw material. Most of the biomass in Andalusia generates 
electricity (45%) and thermal energy (40%), which is mainly used in 
domestic heating systems (13%) and olive oil industries (14%) due 
to the abundance of olive groves and their proximity to this type of 
industry (Fig. 3). 


3.2. Olive grove residual biomass in Andalusia 


Olive groves are particularly relevant in Andalusia because of 
their importance in the region and more concretely, for the envi- 
ronmental management and energy use of the residues from olive 
oil industries and olive grove maintenance [20]. In fact, Andalusia 
has specific legislation concerning olive groves, which enhances the 


Table 4 
Biomass potential in Andalusia [13,17]. 
ktoe/year 
Total biomass potential in Andalusia 3327 
Agricultural residues 1434 
Olive grove 803 
Fruit trees 86 
Corn 72 
Sunflowers 186 
Greenhouse residues 100 
Rice 43 
Cotton 143 
Industrial residues 589 
Olive oil industry 455 
Bark 35 
Rice husk 19 
Cotton 15 
Nuts 17 
Wood 41 
Olive stones 2 
Sugar refinery 4 
Cork 1 
Forestry residues 136 
Quercus 59 
Eucalyptus 53 
Pine 18 
Poplar 7 
Energy crops 559 
Cynara 559 
Biodegradable 609 
MSW 54 
Mud 43 
Animal waste 15 
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Fig. 3. Biomass energy uses in Andalusia [10]. 
Table 5 
Characteristics of olive trees residues [16]. 
Olive pruning Olive-pomace Orujillo Olive stones 
residues 
Moisture 10.95 55.29 12.69 13.12 
content 
(%weight) 
Lower heating 4300 4250 4300 4500 
value 
(kcal/kg dry 
basis) 


efficient use of water and energy, and promotes the use of renew- 
able energies, in particular of biomass [21]. These regulations were 
passed in order to conserve energy and generally improve energy 
efficiency in the olive sector. The goal is to foment the energy 
exploitation of agricultural and industrial residues, the production 
of energy from biomass, and the use of renewable energies. 

There are 1.4 million hectares of olive crops in Andalusia 
[11], producing an average of 4 million tons of olives per year 
[17]. Of this quantity, 3.7 million tons per year are used to 
make olive oil (800,000 tons/year), and the rest to obtain olives 
(300,000 tons/year), to be consumed as table olives. Furthermore, 
olive crops generate a variety of energy residues, such as olive 
pruning residues (4.2 milliontons/year of branches and leaves 
that can be pelletized for domestic heating), olive stones (suit- 
able for domestic and industrial heating or electricity production), 
olive-pomace and orujillo [22,23], residues that have been used 
traditionally for domestic heating in rural areas. 

One hectare of olive grove generates three tons of pruning 
residues (Fig. 4). This means that about four million tons are 
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Fig. 4. Biomass potential from olive grove [17]. 


generated per year in Andalusia, most of which are now illegally 
burnt or left on the ground to generate greenhouse effect gases 
[24]. Table 5 shows some of the physical and chemical properties 
of the residual biomass obtained from olive groves that determines 
their end use. The low heating value is similar for all the residues, 
but they have different moisture content, especially in the case of 
olive-pomace with 55.29% of moisture content in weight. 


3.2.1. Electricity biomass 

In Andalusia, there are 19 plants that use biomass to generate 
a total of 205.3 MW of electrical energy (Table 6). This amounts to 
1.46% of the total power capacity of 14,051 MW available in exist- 
ing installations in the Autonomous Community. This quantity is 
very near to the objectives established in the PASENER for the year 
2010 (Table 3), signifies a reduction of approximately 8% of the CO 
emissions [13]. The majority of these installations use olive trees 
residues as fuel though there are plants that consume greenhouse 
residues, wood, and sugar cane bagasse [17]. Olive-pomace, oru- 
jillo, and olive stones are the olive tree residues that are best for 
producing electrical energy because their lower bulk density, and 
in the case of olive-pomace, their higher moisture content (Table 5), 
make them less effective for domestic heating systems. 


3.2.2. Thermal biomass 

The demand for heating accounts for a significant portion of 
the total energy demand in the world today. The building sec- 
tor consumes 35.3% of the final energy demand of which 75% 


Table 6 
Electric energy generation plants with biomass as fuel in Andalusia [17]. 

Power (MW) Fuel Locality Province 
La Loma 16.0 Orujillo Villanueva del Arzobispo Jaen 
Vetejar 12.9 Olive pomace Palenciana Cordoba 
El Tejar Autogeneracion 57 Olive pomace Palenciana Cordoba 
Agroenergética de Baena 20.0 Olive pomace Baena Cordoba 
Hnos. Santamaria Muñoz E Hijos 1:7 Orujillo Lucena Cordoba 
Extragol 9.1 Orujillo, pruning residues, energy crops Villanueva de Algaidas Malaga 
Albaida Recursos Naturales I 17 Greenhouse residues Nijar Almeria 
Albaida Recursos Naturales II 1.7 Greenhouse residues La Mojonera Almeria 
Tradema 2.0 Wood Linares Jaen 
Fuente de Piedra 8.0 Orujillo Fuente de Piedra Malaga 
Biomasa Puente Genil 9.8 Orujillo Puente Genil Cordoba 
Bioenergia Santamaria 14.3 Orujillo Lucena Cordoba 
Bioenergetica Egabrense 8.0 Orujillo Cabra Cordoba 
ENCE I 40.9 Wood San Juan del Puerto Huelva 
ENCE II 27.0 Wood San Juan del Puerto Huelva 
Agroenergetica de Algodonales 5.4 Olive pomace Palenciana Cordoba 
Severaes 0.1 Olive tree pruning Cañete de las Torres Cordoba 
Bioenergetica de Linares 15.0 Orujillo, agricultural and forestry residues, energy crops Linares Jaen 
Aldebaran energia del Guadalquivir 6.0 Chips, cereal straw Andujar Jaen 


Total 
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Fig. 5. Olive groves and industrial pellets production plants operating in Andalusia [18]. 


is for space and domestic water heating [25]. Renewable energy 
sources used for heating and cooling purposes have received 
relatively little attention compared with those used to gener- 
ate electricity and to produce transport fuels. This is surprising 
because the demand for heat consumes the largest share of the 
primary energy supply. Renewable energy sources can thus offer 
a practical alternative to fossil fuels under many circumstances 
[26]. The potential to increase the use of solar, geothermal, and 
biomass resources for renewable energy heating is therefore large 
[27]. 

In Andalusia, there is a regulatory framework of economic 
incentives to foment the environment and sustainable energy 
development. The objective of these measures is to improve envi- 
ronmental protection through energy saving in new and existing 
buildings. They stress the need to improve the efficient use of 
energy in the main consumption sectors, such as the industrial, ser- 
vice, and transportation sectors [28]. These economic incentives 
allow Andalusians to implement more environmentally friendly 
project in their businesses and homes, and thus reduce fossil fuel 
consumption. 

Biomass consumption for thermal applications during the year 
2008 was approximately 613.55 ktoe. This biomass was mainly 
obtained from olive-pomace and olive stones. This produced a 
carbon dioxide reduction of 1895.87 metric tons [29] in Andalu- 
sia. Moreover, the use of standardized pellets from olive pruning 
residues would permit the use of these residues in efficient com- 
bustion processes. Nevertheless, certain characteristics, such as 
the higher ash content of olive tree pellets [23] in compari- 
son with other European pellets, have raised doubts concerning 
their use in thermal applications, especially in domestic heating 
systems. 

Pelletized biomass made from agricultural and forestry products 
and residues are rapidly becoming an important renewable energy 
source for industrial and domestic purposes [30]. The pelletization 
of biomass is a mass and energy densification for materials that 
possess low bulk densities. The typical bulk density of biomass 
chips is less than 150kg/m? while that of wood pellets is typi- 
cally over 600 kg/m? [31]. In the pelletizing process, raw material is 
dried, ground, homogenized, and densified, which reduces trans- 
portation costs, improves storage, and results in better handling 
characteristics with less dust formation, besides providing poten- 
tial storage for off-season utilization [31]. 

Andalusia is in the process of improving its infrastructure, and 
has become the first Spanish region in densified biofuel produc- 
tion, with 13 industrial pellet production plants. Six of these plants 


are in operation, and are producing 44 ktoe/year. All of them are 
strategically located near the olive groves to be able to use olive 
pruning residues (Fig. 5). There are currently three more plants 
under construction in Jaen that will produce 34.6 ktoe. This will 
be in addition to the energy generated by the other plants, which 
is steadily increasing. 


4. Conclusions 


The use of biomass as an energy resource entails significant 
socioeconomic and environmental benefits, such as the follow- 
ing: (i) biomass is an abundant resource, and its renewability is 
a guarantee of sustainable use; (ii) biomass reduces atmospheric 
emissions so that the net cycle of CO, does not contribute to the 
greenhouse effect; (iii) biomass is relevant to national economies 
since it eliminates the need to import fossil fuels. 

Andalusia is very rich in renewable resources, especially in 
biomass, which in this region provides 6.3% of the total primary 
energy consumption and 78.7% of the renewable energy consump- 
tion. Much of this residual biomass is produced by the olive sector, 
which generates pruning residues and olive oil industrial residues, 
such as olive-pomace, orujillo, and olive stones. The management 
of these agricultural and industrial residues is actively encouraged 
by the Andalusian regional government, thanks to specific legisla- 
tion pertaining to olive groves. These regulations foment the use 
of biomass with a view to improving energy conservation and effi- 
ciency in the olive sector. 

Biomass can be used to generate electricity, thermal energy and 
biofuels for transportation. However, its final use depends on the 
characteristics of the raw material. Government objectives have 
been fulfilled regarding the use of biomass to produce electrical 
energy. In contrast, the use of biomass for thermal energy is still 
considerably below the levels desired. This situation is now being 
corrected, and the production of densified biomass has increased 
in Andalusia in order to meet the demand for space and domes- 
tic water heating in the building sector. Economic incentives are 
also offered to encourage people to implement environmentally 
friendly projects. 
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